Objective: Relatively little is known about outcomes after disposition among syncope patients assigned various diagnostic categories during emergency department (ED) evaluation. We sought to measure the outcomes among these groups within 30 days of the initial ED visit.
to life-threatening cardiac arrhythmias. [6] [7] [8] In the ED, physicians evaluate syncope patients to detect serious underlying conditions (e.g., pulmonary embolism, significant hemorrhage). In the absence of such serious conditions, the physician usually assigns a diagnosis based on his or her impression about the cause of syncope: vasovagal, orthostatic hypotension, cardiac (suspicious for arrhythmias or structural heart disease), or other/unknown. 9 Previous studies and expert opinions have identified the importance of history in the management of syncope. 10, 11 However, there are no previous studies that report the prognosis of ED patients with syncope in relation to the diagnosis assigned at the end of the initial ED visit. The goal of this study is to assess the short-term (30-day) serious outcomes among ED patients with syncope after disposition based on the etiologic diagnosis assigned prior to disposition.
MATERIALS AND METHODS

Study Design and Setting
We conducted a prospective cohort study and recruited patients from six Canadian academic EDs (Ottawa Hospital Civic and General Campuses, Ottawa, ON; Kingston General Hospital and Hotel Dieu Hospital, Kingston, ON; Foothills Medical Centre, Calgary, AB; University of Alberta Hospital, Edmonton, AB) over a period of 55 months (September 2010 to March 2015). This substudy represents a secondary analysis of data collected for the derivation of risk tools for ED patients with syncope.
Selection of Participants
Patients were screened and attempts were made to enroll consecutive adults (defined as ≥16 years of age) presenting to the ED with syncope within 24 hours. Patients were deemed to have suffered a true syncopal event by the treating emergency physician based on the definition above, sudden transient loss of consciousness followed by spontaneous complete recovery. Previously enrolled patients, those unable to communicate due to a language barrier, those under the influence of alcohol or illicit drugs, and patients who did not suffer true syncope as defined in previously published guidelines (loss of consciousness lasting > 5 minutes, change in their mental status from baseline after the loss of consciousness, or obvious witnessed seizure) were excluded. 12, 13 Patients with major trauma requiring admission were excluded as these patients have several factors in play that are not related to syncope, which can influence their outcome. Patients with head trauma preceding their syncopal event were also excluded, as the loss of consciousness among these patients is not related to transient global hypoperfusion. As the objective of our study was to assess the prognosis of patients after ED disposition, we excluded patients with serious conditions identified in the ED, as these patients do not require prognostication but rather management of the serious condition. Patients who were hospitalized and those who were discharged home from the ED were both included. As the study was observational in nature, the ethics boards at all the study hospitals approved the protocol with the requirement of only verbal consent. Ethics approval was obtained prior to enrolling patients at all the study sites.
On-duty ED physicians and residents actively screened consecutive patients presenting with syncope, presyncope, fainting, blackout, loss of consciousness, fall, collapse, seizure, dizziness, or light-headedness. ED physicians and residents under staff physician supervision applied the inclusion and exclusion criteria to confirm eligibility and obtained verbal consent from eligible patients prior to their inclusion in the study.
Data Collection
Patient demographics, event characteristics, medical history, investigations performed in the ED and their results, presumed cause of syncope at the end of the ED visit, and disposition were collected. During the ED visit, after affirming that the patient fulfilled the inclusion and exclusion criteria for the study, the treating ED physician explicitly recorded the following data on a study form: event details (time of event, witnessed, palpitations prior, position of patient-standing, sitting, supine, walking, or during exercise; predisposition to vasovagal syncope, presence of prodrome and its duration; associated symptoms-e.g., headache, chest pain, shortness of breath, orthostatic symptoms), elements of the past medical history (e.g., coronary or valvular heart disease, arrhythmia, pacemaker/defibrillator insertion, congestive heart failure), and family history of congenital heart disease. Treating physicians were asked to select "What was the most likely cause of syncope?" from the following list: vasovagal, orthostatic hypotension, cardiac, other/unknown at the time of ED disposition (consultation to another medical service or discharge home). At the study sites patients in the ED must be referred to another service as emergency physicians cannot admit patients to inpatient wards. The diagnostic category "other" includes situations where the ED physicians thought some factors might have contributed to the syncopal event without clear objective evidence (e.g., dehydration contributing to syncope without evidence of orthostatic hypotension). In the remainder of the article, this group will be labeled as "cause unknown." ED physicians were also asked to provide their confidence in assigning the cause of syncope on an 11-point scale (0, 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100%). ED investigations, disposition, and further outpatient testing were left to the discretion of the treating physician. Whenever possible, a second emergency physician blinded to the treating physician's assessment independently collected data on a new data form for inter-rater reliability calculation. Trained research assistants at each site used explicit medical record review to retrieve demographics (age, sex), arrival by ambulance, verify the medical history elements as recorded by the physician, and results of ED investigations. This verification occurred within 1-2 days of enrollment and the research personnel were always blinded to subsequent hospital visits and outcomes status of the patient.
Outcome Measures
We prespecified serious outcomes to include death, specific arrhythmias, myocardial infarction, specific types of structural heart disease, pulmonary embolism, significant hemorrhage, subarachnoid hemorrhage, other serious conditions that required treatment or would cause an ED return visit if not detected, and procedural interventions used to treat syncope that occurred after ED disposition (during the initial visit or hospitalization or after the initial visit or hospitalization). If the serious outcome was suspected during the initial ED visit and confirmed by a follow-up visit then the patient is deemed to have suffered the outcome before ED disposition (e.g., patients suspected of pulmonary embolism with stable hemodynamic status given low-molecular-weight heparin for computed angiogram of the chest the following day). A complete list of the serious outcomes and their definitions are detailed in Data Supplement S1 (available as supporting information in the online version of this paper, which is available at http://onlinelibrary.wiley.com/d oi/10.1111/acem.13346/full). An adjudication committee of three experienced emergency physicians confirmed all of the serious outcomes.
The occurrence of short-term serious outcomes was assessed after 30 days following the initial ED visit by structured health record review of initial and subsequent ED visits, hospital admissions, and outpatient testing followed by scripted telephone follow-up. For patients that could not be reached by telephone at the four Ontario study sites, health records at all local adult hospitals and death records at the provincial coroner were also searched, while for patients at the two Alberta study sites, the provincial health systems database (NetCare) was searched for return hospital visits. If no information regarding the patient were obtained or no definite information regarding serious outcomes can be confirmed by the above steps, then the patient was designated as "lost to follow-up."
Primary Data Analysis Continuous variables were described using means with standard deviation (SD) and range or median with interquartile range and categorical or dichotomous variables, using frequency and percentage. We analyzed for statistical significance using chi-square or Fisher exact test as appropriate for categorical variables. For data analysis, SAS, Version 9.4 (SAS Institute Inc) was used. Figure 1 , there were 14,943 potentially eligible ED visits for syncope at the six sites over the 55-month study period, of whom 7,671 met the inclusion and exclusion criteria. Of these, 193 patients were enrolled more than once, 235 refused, 359 suffered serious outcomes in the ED, and 1,526 patients were not enrolled. A total of 348 patients (6.5%) were lost to follow-up (discharged and not reached for a phone call or no available follow-up health records) leaving 5,010 patients included in the final analysis. (Demographic and clinical characteristics of patients lost to follow-up are shown in Data Supplement S2, available as supporting information in the online version of this paper, which is available at http://online library.wiley.com/doi/10.1111/acem.13346/full.) The characteristics of the study patients are shown in Table 1 . Among the enrolled patients, 3,495 (69.8%) suffered syncope that was witnessed and 3,224 (64.4%) arrived to the ED by ambulance. The cause of syncope was classified as "vasovagal" among 2,671 patients (53.3%), "unknown" among 1,615 patients (32.2%), "orthostatic hypotension" among 456 patients (9.1%), and "cardiac" among 268 patients (5.4%). Figure 2 shows physician confidence in assigning the cause of syncope at the end of the ED visit. The confidence is highest among those with vasovagal syncope and the confidence is lowest when the cause of syncope is unknown. The inter-rater agreement between two independent physicians for diagnosis at the end of ED visit for 207 patients (4.1%) was the following: vasovagal syncope j = 0.61 (95% confidence interval [CI] = 0.47-0.76), orthostatic hypotension j = 0.54 (95% CI = 0.31-0.77), unknown j = 0.46 (95% CI = 0.30-0.62), and cardiac j = 0.65 (95% CI = 0.19-1.00). The majority of patients had 12-lead electrocardiography (95.3%) and blood tests (84.9%) performed; 831 (16.6%) were assessed by a consulting service and 473 (9.4%) were hospitalized.
RESULTS
As seen in
The frequency, location, and type of short-term serious outcomes are outlined in , and 47 noncardiac (0.9%). All diagnostic categories except for vasovagal had a higher proportion of patients suffering outcomes during the initial visit or hospitalization than after the initial visit or hospitalization ( Figure 3) . Table 3 illustrates the patient characteristics, their ED management, and outcomes for the four ED presumed diagnostic categories. Of the patients with suspected cardiac syncope, 42.9% were hospitalized. The proportion of patients among whom investigations were performed increased from one category to the next in the following order: vasovagal, orthostatic hypotension, unknown, and cardiac. This increase in investigations was significant when compared to the vasovagal syncope subgroup (p ≤ 0.001). No deaths occurred within 30 days of ED disposition among patients diagnosed as vasovagal syncope by the treating emergency physician. The proportion of patients with short-term serious outcomes was significantly higher in all the categories when compared to vasovagal group and increased in the following order: vasovagal, orthostatic hypotension, unknown, and cardiac (p ≤ 0.01). The frequency of arrhythmias, serious structural heart disease, and myocardial infarction after ED disposition were substantially higher among those with suspected cardiac syncope (p ≤ 0.01) in comparison to those with a diagnosis of vasovagal syncope. A small number of serious outcomes occurred after discharge from hospital, either directly from the ED or after inpatient admission.
DISCUSSION
In this large prospective cohort study, ED diagnostic category strongly correlated with the probability of 30-day serious outcome after ED disposition. Patients diagnosed with vasovagal syncope had a very low proportion of short-term serious outcomes, patients with orthostatic hypotension and unknown cause had intermediate proportion, and those with suspected cardiac syncope had the highest proportion. These results highlight the potential value of incorporating these important assessment predictors in risk tools for predicting short-term serious outcomes among ED patients with syncope after disposition. There were no reported deaths in the vasovagal syncope group and patients in this group had the least short-term serious outcomes. The favorable prognosis of vasovagal syncope patients observed here has been well documented in several studies including the Framingham Population Cohort, which demonstrated no association between vasovagal syncope and mortality.
14 Despite this, these patients underwent extensive testing in the ED (78% received blood tests, 21% received chest radiographs, and 13% received a computed tomography scan of the head), and they may represent a target for decreasing health care resource utilization in the future.
The increased mortality in cardiac syncope patients observed here has also been well documented. In a prospective study on 433 patients, a cardiac cause for syncope was proven to be an independent predictor for both mortality and sudden death. 15 In a prospective study on 204 syncope patients followed for 1 year, patients with a cardiovascular cause had the highest mortality rate at 30% versus 12% and 6.4% for those with a noncardiovascular and unknown cause of syncope, respectively. 16 The importance of history in the management of patients with syncope has been highlighted in previous studies and by expert opinion. History taking is an integral part of the diagnostic process and in combination with physical examination and an electrocardiogram can help physicians make the correct diagnosis in 63% of syncope cases with a diagnostic accuracy of 88%. 17 Hence, risk tools incorporating objective parameters in addition to the physician's clinical diagnosis can lead to more accurate prediction models than either used alone.
In the literature, few studies have compared clinical judgment to clinical decision rules in the prognosis of syncope patients. In a meta-analysis, involving data on 3,681 patients, comparing the performance of three clinical decision tools (San Francisco Syncope Rule, Osservatorio Epidemiologico sulla Sincope del Lazio, Evaluation of Guidelines in Syncope Study) to physician clinical judgment in predicting serious outcomes in the ED at 10 and 30 days after syncope, it was found that none of the prediction tools performed better than clinical judgment. 18 Furthermore, the Canadian Cardiovascular Society position statement published in 2011 reported that syncope decision rules available at that time did not increase diagnostic sensitivity or specificity. 19 None of the previously derived clinical decision tools, however, incorporated ED physicians' diagnostic impression.
In the derivation phase of the Canadian Syncope Risk Score and Canadian Syncope Arrhythmia Risk Score, physician diagnostic impression variables were found to be independent predictors of 30-day serious outcomes including arrhythmias and deaths. 20, 21 In these derivation studies, while performing internal validation, the ED final diagnosis predictor was selected 100% of the time in 500 bootstrap samples. No other variable in the score was selected as consistently as the ED diagnosis during bootstrapping. Additionally, physicians' diagnostic impression is an important part of the widely used HEART Score and Wells Scores for chest pain and venous thromboembolism, respectively.
This study has several strengths: it is prospective in design, involves several sites, and has a very small proportion of patients who were lost to follow-up. With 5,010 study patients, it is the largest prospective syncope study completed to date. Furthermore, the sample size of this study provided sufficient numbers of Proportion of patients who suffered 30-day serious outcomes during hospitalization during the index visit and after the index visit or after hospitalization during the index visit amongst the four diagnostic categories. We prespecified serious outcomes to include death, specific arrhythmias, myocardial infarction, specific types of structural heart disease, pulmonary embolism, significant hemorrhage, subarachnoid hemorrhage, other serious conditions that required treatment or would cause an ED return visit if not detected, and procedural interventions used to treat syncope that occurred after ED disposition.
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LIMITATIONS
Several limitations of this study need to be discussed. First, despite our best efforts at enrolling all eligible patients, the emergency physicians did not complete the study form for approximately 20% of patients deemed eligible reflecting the challenges of active enrollment in the ED environment. Some forms were begun, but the final diagnostic impression was not recorded at times because of shift handover or delays to test results. Our team identified no systematic reasons for nonrecruitment and this proportion of nonenrolled eligible patients is thought to be an overestimation as doubtful syncope cases were also assigned this category. Unfortunately as verbal consent was not obtained from these patients, the ethics boards at the study sites prevented us from collecting any additional data on these missed eligible patients. Also, it is recognized that patients who were lost to follow-up may have experienced serious outcomes. As only 6.5% of the included patients were lost to follow-up and their characteristics are similar to the study patients, we believe that these patients are unlikely to alter the results of our study. While the inter-rater agreement between two physicians for the four presumed diagnostic categories was fair or good, the 95% CIs were wide because of small number of patients within the four groups. 22 The study only reported the short-term serious outcomes and some of the syncope patients may have experienced serious outcomes shortly after the 30-day period. It is difficult to know if the treating emergency physician's diagnostic impression will be similar at other nonacademic or non-Canadian institutions. We estimate that a total of 250 emergency physicians worked at the six sites during the study period. As the majority of these physicians participated in the data collection, we believe that the data collection was accomplished by a broad cross-section of emergency physicians with varying practice patterns. Finally, we would emphasize that a definite cause of syncope was never established for most study patients as the majority were discharged from the ED without any further testing or specialty clinic follow-up. Instead, Data are reported as n (%). ECG = electrocardiogram. *Includes the arrhythmias listed in Data Supplement S1and procedural interventions to treat arrhythmias. †Includes myocardial infarction and serious structural heart disease. ‡Includes severe pulmonary artery hypertension, subarachnoid hemorrhage, and other serious conditions (ectopic pregnancy, pneumothorax, sepsis) that require treatment.
we examined the pragmatic surrogate of the treating emergency physician's final diagnostic impression.
CONCLUSION
In our large prospective study, the incidence of serious outcomes within 30 days was strongly correlated with the cause of syncope assigned at the end of the sentinel ED visit by the treating physician. These robust clinical assessment predictors should be further studied independent of testing components, in an effort to determine if they should be incorporated in risk-stratification tools and safe management of ED syncope patients to identify those at risk for short-term serious outcomes after ED disposition.
